Objective Pleomorphic carcinoma (PC) is a rare pulmonary epithelial malignant tumor with a poor prognosis. The objective of the present study was to investigate the programmed death-ligand 1 (PD-L1) expression in PC and its correlation between the clinicopathological factors and prognosis. Methods Clinical and pathological data of 35 patients with surgically resected PC encountered from 2002 to 2016 at our institution were collected. The PD-L1 expression on tumor cells was evaluated via immunohistochemistry (clone 22C3). We examined the correlation between the PD-L1 expression and patients' clinicopathological factors and their prognosis. Results A high PD-L1 expression (! 50%) was seen in 21 (60%) patients, and parietal-pleural invasion was significantly correlated with a high PD-L1 expression (p=0.012). The 5-year overall survival and relapse-free survival were 68.2% and 43.2%, respectively. Tumor size ! 50 mm (p=0.021), lymph node metastasis (p= 0.023), and a high PD-L1 expression (p=0.047) were correlated with a short relapse-free survival. Since lymph node metastasis was an independent risk factor of a poor overall survival (p=0.012), patients with a high PD-L1 expression also tended to have a worse overall survival than those with low levels (p=0.081). Conclusion A high PD-L1 expression is frequently seen in PC. The PD-L1 expression is associated with parietal-pleural invasion and might indicate a poor prognosis.
In some reports, PC showed a high programmed cell death-ligand 1 (PD-L1) expression (7, 8) . However, due to its rarity, the relationship between the PD-L1 expression and the clinicopathological characteristics of PC and the implications of the PD-L1 expression in PC are poorly understood. We reviewed the clinicopathological data of patients with PC who underwent pulmonary resection at our institution to better understand the correlation between the PD-L1 expression and the clinical behavior in this histotype of pulmonary carcinoma.
Materials and Methods

Patients
We included consecutive patients with pulmonary PC diagnosed by surgical resection from January 1, 2002, to December 31, 2016, at Kinki-chuo Chest Medical Center (KCMC). The histopathological diagnosis was confirmed by two pathologists (M.T and T.K) according to the current 2015 WHO classification of lung tumors (3) . The clinical characteristics, surgical staging, tumor-node-metastasis (TNM) classification according to the seventh edition (9) , treatments, and outcomes were collected from the medical records. This study was approved by the Institutional Review Board of KCMC (Approval number: 602).
Pathological analyses and PD-L1 immunohistochemistry
For each tumor sample, the histological subtype of carcinomatous components (adenocarcinoma, squamous cell carcinoma, and large-cell carcinoma) and sarcomatoid components were collected.
To measure the PD-L1 expression, we used the PD-L1 clone 22C3 pharmDx kit and Dako Automated Link 48 platform (Dako, Carpenteria, USA), which is clinically used for the evaluation of the PD-L1 expression in NSCLC at our institution. The PD-L1 expression was calculated as the percentage of complete or partial membrane staining in a section that included at least 100 viable tumor cells. Necrotic areas were excluded from scoring. A high expression of PD-L1 was defined as ! 50% staining of tumor cell membrane, and PD-L1 negative was defined as <1% staining.
Patient evaluation
The relapse-free survival (RFS) was defined as the interval from the date of resection to the date of diagnosed recurrence or metastases or to the date of death. The overall survival (OS) was calculated from the date of surgical resection until the date of death from any cause or the last follow-up date. After relapse, the progression-free survival (PFS) was defined as the time from the first day of chemotherapy until disease progression or the date of death. Responses to chemotherapy and/or radiotherapy were assessed using the Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1. guidelines (10) .
Statistical analyses
Fisher's exact test was used to compare the clinicopathologic characteristics of PD-L1 expression positive and negative PCs. The OS and RFS were assessed using the Kaplan-Meier method and log-rank tests. Cox's model was used for univariate and multivariate analyses. Independent variables with a p value <0.2 in univariate analyses were included in the multivariate analysis. A two-sided p value < 0.05 was considered statistically significant. All statistical tests were performed using the JMP 11.0 software program (SAS Institute Japan, Tokyo, Japan).
Results
Patient characteristics
In total, 35 consecutive cases of surgically treated pulmonary PC were identified. The clinical characteristics of the study population are shown in Table 1 . The median age was 62 years (range, 34-80). Most patients were men (71%) and smokers (83%), and approximately 51% were asymptomatic. The levels of serum carcinoembryonic antigen (CEA, normal: 0.0-5.0 ng/mL) and cytokeratin fragment 19 (CYFRA 21-1, normal: 0.0-2.8 ng/mL) were high in 9 patients (29%) each; however, the level of pro-gastrin-releasing peptide (Pro-GRP, normal: 0.0-80.0 pg/mL) was not increased in any patients. Chest computed tomography (CT) was performed before surgery in all cases, and in 20 cases (57%), the primary tumor was located in the upper lobe. Fluorodeoxyglucose-positron emission tomography (FDG-PET) was performed in 14 patients, and the median standardized uptake value (SUV) max of the primary lesions was 8.0 (range, 2.2-22.8).
Pathological findings
Before surgical resection, 32 patients underwent a transbronchial biopsy (TBB). The results were negative in 12 patients, adenocarcinoma in 8 patients, squamous cell carcinoma in 6 patients, NSCLC in 5 patients, and necrosis in 1 patient.
Regarding the histological subtypes and pathological stage of the study population (Table 1) , 69% of the patients had early-stage disease (stage I and II). The median maximal diameter of the resected tumor was 48 mm (range, 20-110). Blood vessel invasion was observed in 86% of cases, and visceral and parietal pleural extension was found in 74% and 23% of cases, respectively.
The PD-L1 expression was negative (<1% positively stained cells) in only 3 cases (8.6%), and a high PD-L1 expression (! 50% positively stained cells) was observed in 21 of the 35 PC cases (60%). The PD-L1 expression according to patient characteristics and tumor pathological features is presented in Table 2 . Parietal-pleural invasion was significantly associated with a positive PD-L1 expression (p= 0.012). Adenocarcinoma components (p=0.112) and pleo- 
Treatment
Surgical procedures included lobectomy (82%), pneumonectomy (14%), and segmentectomy (3%). Combination surgery of wedge resection (14%), thoracic wall resection (20%), and pleural resection (9%) was performed in some cases. Adjuvant chemotherapy was administered to 13 patients (37%).
Postoperative recurrence was seen in 17 patients (49%), and post-recurrence treatment was administered to 13 patients. The details of the treatment are shown in Supplementary material. Anti PD-1 therapy was administered to 2 patients. For the patient with 1% PD-L1 positive staining, nivolumab resulted in only a short progression-free duration of 52 days. By contrast, for the patient with 100% PD-L1 positive staining, pembrolizumab showed a partial response that continued after 13 cycles, and the treatment is still ongoing.
Survival analyses
The median follow-up was 24 months (range, 2.3-129). The 1-and 5-year OS were 75.2% and 68.2%, respectively, whereas the RFS was 61.8% at 1 year and 43.2% at 5 years (Fig. 1A, 2A) . The median period until recurrence was 449 days (range, 38-3,881), and the median survival time after initial relapse was 236 days (range, 13-2,700).
A univariate analysis showed that lymph node metastasis (p=0.013) and tumor size ! 50 mm (p=0.016) were associated with short a RFS (Fig. 1B and C, Table 3 ). A high PD-L1 expression also tended to result in a poor RFS, but this was not significant (p=0.078) (Fig. 1D, Table 3 ). In a multivariate analysis, lymph node metastasis (p=0.023), tumor size ! 50 mm (p=0.021), and a high PD-L1 expression (p= 0.047) were significantly associated with a poor RFS (Table 3). Regarding the OS, only lymph node metastasis was significantly associated with a poor OS (p=0.007) (Fig. 2B , Table 4 ), since a high PD-L1 expression (p=0.084) and tumor size ! 50 mm (p=0.129) tended to result in a short OS according to the univariate analysis ( Fig. 2C and D, Table 4). The same result was found in the multivariate analysis of the OS; lymph node metastasis (p=0.012) was significantly associated with a poor OS, since tumor size ! 50 mm and a high PD-L1 expression tended to result in a short OS (Table 4 ).
Discussion
We analyzed 35 patients with surgically resected PC. The PD-L1 expression was measured by 22C3 antibody. A total of 60% of the patients were found to have a high PD-L1 expression. Previous studies have reported a high PD-L1 expression in PC. Kim et al. reported a high PD-L1 expression that PC can also be stained with this widely used antibody for NSCLC. Furthermore, only 8.6% of cases were PD-L1 negative in our research, which is consistent with the findings of a previous report citing PD-L1 negativity in 9.8% cases (11) . PC frequently shows a high expression of PD-L 1, and few cases are PD-L1 negative. We found that a high PD-L1 expression in PC was associated with parietal-pleural invasion and correlated with a poor RFS. Parietal-pleural invasion is reported to be a factor influencing a poor prognosis in sarcomatoid carcinoma of the lung (13) . However, other studies have reported that bloodvessel invasion, which is known to be associated with a poor OS, was also associated with the PD-L1 expression in sarcomatoid lung cancer (8, 12) . A similar phenomenon is seen in NSCLC. Poor tumor differentiation and a high tumor grade were associated with a high PD-L1 expression (14, 15) , and a high PD-L1 expression was significantly correlated with a poor prognosis in NSCLC (16, 17) . Taken together, these findings indicate that PC with a highly invasive character might show a high PD-L1 expression, which indicates a poor prognosis. A high PD-L1 expression is more frequently seen in PC than in NSCLC (12) . This may be consistent with the highly disseminated nature of the disease, the increased rate of relapse after surgical resection, and the poor prognosis of PC when compared with NSCLC.
Since PC is resistant to chemotherapy and radiotherapy, the potential efficacy of immune checkpoint inhibitors (ICIs) for this malignancy is gaining increasing attention. PD-1 is an immunoinhibitory receptor expressed on the surface of T cells that normally negatively regulates immune responses (18, 19) . Binding of PD-1 to its ligands (PD-L1 and PD-L2) on tumor cells suppresses T cells and leads to evasion of the immune response (20, 21) . The Keynote-024 study, an open label phase III trial, reported that, in patients with advanced NSCLC with PD-L1 expression in at least 50% of tumor cells, the PD-1 inhibitor pembrolizumab was associated with a significantly longer PFS and OS than platinum-based chemotherapy (22) . In our study, an ICI was administered after relapse, and the outcomes suggest that the PD-L1 expression might be useful for predicting the effectiveness of immune therapy not only in NSCLC but also in PC. Nevertheless, we should note that a high PD-L1 expression does not always guarantee treatment response to ICIs, as cases of PC with a poor outcome following treatment with a PD-1 antibody despite a high PD-L1 expression have been reported (23) . This study has several limitations. First, this was a retrospective study conducted at a single institution. Second, the number of PD-L1 negative cases was too small to statistically evaluate its influence. The relationship of this protein with the OS may not have been statistically significantly indicated because of the small sample size, which was unavoidable due to the rarity of PC. In addition, we did not investigate the tumor microenvironment, including the presence of tumor-infiltrating lymphocytes, which is known to be a predictor of the efficacy of ICIs. Finally, the number of patients treated with ICIs was small. Although PC is rare and difficult to diagnose preoperatively by TBB samples, further large-scale studies with an evaluation of the tumor microenvironment are needed to obtain more information on the clinical significance of PD-L1 in PC.
In conclusion, a high PD-L1 expression was frequently seen in surgically resected PC with parietal-pleural invasion. A high PD-L1 expression might indicate highly invasive behavior and a poor prognosis in PC.
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